Patients presenting for iridectomy for glaucoma, or lens extraction for cataract, or suture of a laceration of the globe, have problems concerned with intraocular pressure (IOP), or intraocular volume (IOV), as changes in these can have profound effects on the outcome of the surgery.
Just as the brain is in a rigid skull, so the sclera is inexpansible, and an increase in the volumes of vitreous, aqueous, or blood will produce disproportionate changes in pressure, as may an intraocular tumour. When the eye has been cut open, the pressure of the contents is atmospheric, but changes in the volumes of the intraocular contents can still occur. The IOP is the resultant of the pressures, or volumes, of aqueous humor, vitreous body, and blood vessels within the globe.
The vitreous, despite a turnover of some 50% of its water content in twenty minutes, is a relatively inert organ but one whose volume can be radically altered by changes in the osmolarity of the blood reaching it. The aqueous is formed by the ciliary epithelium, partly secreted, partly diffused. Cytochrome enzymes are involved in its formation, as is carbonic anhydrase, and any interference with these will reduce the rate of formation. Drainage depends on the pressure gradient from the anterior chamber (AC) to the peripheral veins and on the angle of opening into the canal of Schlemm. This angle can be altered by miotic drugs.
Change in choroidal blood vessels size in the eye can be large, but in normal circumstances is slight; a beat by beat variation with the arterial pressure wave, and changes in venous pressure occasioned by respiration. If pressure increases, and stays high, there will occur a steady impairment of the blood supply to the retina, with cupping of the disc, atrophy and loss of acuity. This increase in pressure is usually the result of impaired drainage of the aqueous.
Transient rises in pressure can be occasioned by acute changes in blood vessel dimension, by increasing arterial pressure, or by raising venous pressure, e.g. by coughing or vomiting. This effect is twofold: a sudden increase in the volume of venous blood, and so of pressure, in the eye; and a reduction of aqueous drainage. In the intact eye these effects pass with the removal of the stimulus, but if the eye has been opened by surgery or injury, the increase in volumes can cause the lens and possibly the vitreous to prolapse, perhaps with hemorrhage. This is also true in the untreated glaucomatous eye, which will extrude its contents if incised.
Most of the measures available to adjust intraocular pressure, or volume, are well known to those anesthetists who assist at surgical exploration of the brain or middle ear; a gentle induction of anesthesia, without coughing, smooth and speedy intubation of the larynx, which has perhaps been sprayed with a local aneesthetic, followed by maintenance of anesthesia without the patient bucking or straining. The use of a slight, or indeed steep, head-up tilt will promote venous drainage, Local anesthesia may be used as a facial nerve block to prevent squeezing of the eye by the orbicularis or as a retrobulbar block causing paralysis of the extrinsic muscles, and a reduction of aqueous formation, with an increase in its drainage, by ganglion block. Acetazolamide may be used to reduce aqueous formation. Massage of the globe will promote aqueous drainage. Osmotically active agents such as sucrose or mannitol, may be employed to shrink the vitreous.
The volatile anesthetic agents, intravenous induction agents, and sedatives used in anasthesia all tend to lower intraocular pressure to a variable degree. Nitrous oxide seems to have no effect. Neuromuscular blocking agents vary. Pancuronium has no effect. Curare lowers IOP, not by its blocking properties, but by ganglionic effects, by lowering arterial blood pressure. Other ganglion blocking agents, such as hexamethonium, will reduce IOP, by blood pressure fall.
Neuromuscular blocking drugs are used to facilitate controlled ventilation; the technique of extraocular muscle paresis by these drugs is now rarely employed. Positive pressure ventilation will assist in lowering IOP by allowing a reduc-*tion in the arterial Pco2. It has been demonstrated that IOP varies directly with arterial Pco2, as also does choroidal blood volume and flow. This aspect of variation of IOP with carbon dioxide has been studied in Glasgow, and continuous tonometry carried out while the arterial Pco2 was varied.
Because changes in the respiratory pattern alter venous pressure, and so ocular pressure, volunteer subjects breathed at a constant high minute volume throughout the study. Thus the end-tidal Pco2 was reduced initially to about 30 mmHg. Thereafter carbon dioxide was added to the inspirate to restore the end-tidal Pcot to near normal, and then additional carbon dioxide was breathed to increase end-tidal Pco2 to a maximum in the range 50-60 mmHg. Finally carbon dioxide was withdrawn, allowing end-tidal Pco2 to return to the initial hypocarbic level.
An impression tonometer was used continuously throughout these maneuvres. This machine applies a plunger to the cornea at constant pressure, which results in a steady outflow of aqueous and a steady descent of the plunger. Thus in the normal steady state there is constant pressure, and a steady rate of volume change. If the gradient of this is plotted, any change in gradient represents change in rate of volume loss. There is no absolute point of reference of pressure or volume, only a rate of change. As soon as hyperventilation starts, there is an increased fall in volume. Each time carbon dioxide is added, there is not just a slowing of loss, but a dramatic increase in volume, which slows down, stabilizing at new level, and then continuing to drain and lose volume, at the same rate as before.
We submit that the swiftness of this change can not be due to variation of aqueous humor, nor due to changes in the vitreous body, but must be vascular in origin. We hope to measure the dimension of the choroid by ultrasonography to confimn this view.
